A micro air vehicle with onboard intelligence can maneuver in hard-toreach parts of disaster areas and provide video images for search-andrescue operations.
Figure 1. Operational model of the PIXHAWK Cheetah.
system, however, has limitations. Modern buildings often contain large amounts of reinforced concrete, which hinders radio signals. Thus, wireless communication can be problematic or infeasible in many situations. Ground robots get around this problem by dragging a data-link cable behind them. However, a cable can easily get stuck in debris, thus trapping the robot.
A better solution is use of a MAV that records images and brings the video data back to the operator. Although the Cheetah offers wireless transmission as an option, it does not rely on it. Its autonomous-navigation system enables it to record video images and find its way back to the operator in minutes.
The Cheetah's onboard PIXHAWK software has been designed specifically for computer vision. Stereo-vision video images are stored on a central image hub and can be read by different image-processing pipelines in parallel, such as for localization (identification of position), mapping, and pattern recognition (see Figure 3 ). In addition to this navigation pipeline, the system can, in parallel, detect and track objects, for example, by adjusting a camera's field of view to keep a particular object in sight. A MAV that relies heavily on visual images presents a challenge to designers. In contrast to systems that use mostly information from sensors, such as for GPS or lidar (light detection and ranging), a system based on video images works more slowly. Video images become more detailed for longer computer-processing times. This lag time can present navigational hurdles for an autonomous MAV.
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The PIXHAWK design system has a key feature, novel for MAV-sized vehicles, that compensates for this problem. The system keeps precise track of when an image or measurement is taken and records the inertial state of the vehicle from one moment to the next. This capability is enabled by the customdesigned PIXHAWK electronics. The fusion of visual and inertial data allows the vehicle to always know its position and to seeand avoid-potential trouble spots in its path. As the system evolves, new algorithms can be derived to solve classic visiononly problems, such as estimating the current camera pose. This can improve the speed and robustness of the localization. 4 The custom PIXHAWK hardware and software system design has been proved airworthy in several public demonstrations. 5 The PIXHAWK team won the first-place award in indoor autonomous navigation at the 2009 European Micro Air Vehicle Conference and Flight Competition. The system was also successfully demonstrated at the 2010 European Conference on Computer Vision, one of the three major events in the field.
While our early work has been focused on a novel and tightly synchronized system design and based on well-established visual-localization techniques, our research is now moving in a new direction. We are focusing on improved computer algorithms for vision localization and obstacle avoidance using passive sensors in addition to video images. We feel confident that this work will lead to MAVs with even greater autonomous capabilities in disaster-zone environments. 
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